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Multibeam internal drum scanning system Modtaget 



This Invention relates to an internal drum scanning system and, more 
5 particular, an internal drum scanning system where multiple laser beams are 
injected. 

Internal drum scanning systems are widely used in the graphical industry. An 
Internal drum scanning system comprises a cylinder, the "drum", and a 

10 rotating deflector, e.g. a prism or a mirror, placed inside the cylinder such that 
it can be moved along the centre axis of the cylinder. A laser beam injected 
into the drum along the center axis Is redirected by the deflector onto the 
Inner surface of the drum. Due to the rotation of the deflector and its 
movement along the centre axis, different positions on the inner surface may 

15 be scanned by the laser, e.g. in order to expose a light-sensitive material 
disposed on the inner surface of the drum. 

Internal drum scanning systems are popular, since they provide a number of 
advantages. For example, the optical path length is constant from the 
20 entrance point of the rotating element to the inner surface of the drum. This 
enables these types of systems to print with a very high printing quaiity and 
long-term stability. 

However, it is a general disadvantage of such systems that the laser beams 
25 have to be injected from one of the openings of the cylinder along its centre 
axis, thereby limiting the number of laser beams that may simultaneously 
transfer image data onto the inner surface of the drum, thereby limiting the 
printing speed that may be achieved. 

30 Meanwhile, the printing speed may be increased by turning up the 
modulation frequency of the laser beam and the rotation speed of the 
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spinning element. In modern internal drum image setters the modulation 
speed is typically in the area of 100MHz and the rotation speed typically 
varies from 10.000 to 60X100 rpm. Unfortunately, as the printing speed Is 
increased, the dwell time on each pixel becomes shorter and shorter, thereby 
5 Introducing new problems with the exposure of certain types of printing plates 
which have a reaction lime longer than the available dwell time. The dwell 
time for these types of machines is typical 5-50ns. Whereas the dwell time for 
slow plates are in the range from 20ns to 2ns. 

10 US patent no. 5,097,351 discloses a beam scanning system where two 
individually modulated adjacent scan lines are scanned simultaneously. 
This prior art system uses a piezo-controlied mirror which varies the angular 
orientation between two combined, orthogonally polarised beams so that one 
of the beams rotates about the other in synchronisation with the angular 

15 position along a scan line around the drum imaging surface. 

Even though, the above prior art system allows the simultaneous scanning of 
two individually modulated adjacent scan lines, the above prior art system is 
limited to two beams. 

20 

Hence, it is an object of the present invention to provide a more flexible 
internal drum scanning system which allows the injection of two or more 
beams, thereby allowing the control of dwell times vs. printing speed and, 
thus, the printing on more types of printing plates and/or higher printing 
25 speeds. 

The above and other problems are solved by an Internal drum scanning 
system . . .<text of claim 1 > 

30 Hence, by providing a first controllable optical element positioned at a radial 
distance from said first optica] axis, where the first controllable optical 
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element is adapted to direct the second laser beam onto said focussing lens 
at a varying incident angle causing the focussing lens to image the second 
laser beam onto the second position such that, during relative rotation 
between the deflector and the cylinder, the second position is fixed relative to 
5 said centre position, a system is provided allowing a plurality of beams to be 
injected into the internal drum such that the beam scan predetermined scan 
paths, In particular mutually parallel scan paths. 

The term controllable optical element comprises any suitable optical element 
1 0 that may be controlled to provide a laser beam at varying angles with respect 
to an optical axis. Consequently, by combining the controllable optical 
element controlled to provide a laser beam at varying angles to a focussing 
lens operated as a Fourier lens, the position of the focal spot in the focal 
plane of the Fourier lens may be controlled, thereby allowing a compensation 
15 of the scan lines for any displacement of the focal spot caused by the rotation 
of the deflector 

In a preferred embodiment, the controllable optical element Includes a 
collimator lens or a focus lens. It is an advantage that the Internal drum 
20 scanning system provides a relatively simple construction requiring relatively 
few components. In particular, many Internal drum scanning systems 
comprise a collimating lens and a focussing lens, thereby allowing the use of 
existing components to control the scan paths. 

25 In particular, in a preferred embodiment, the collimator lens or the focus lens 
defines a second optical axis substantially parallel to the first optical axis at 
the radial distance from the first optical axis; and the first controllable optical 
element further comprises means for adjusting the position of the collimator 
lens to cause the second optical axis to rotate around the first optical axis at 

30 a predetermined frequency. Hence, the movement of the collimator lens is 
substantially circular, thereby causing, in cooperation with the focussing lens, 
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the focal spot to perform a corresponding circular movement. Consequently, 
the movement of the collimator lens can be controlled to compensate for the 
relative movement of the focal spot on the Inner surface of the drum caused 
by the rotation of the prism. Preferably, the focussing lens is operated as a 
5 Fourier lens, i.e. the focussing lens is positioned relative to the defector 
means such that the optical path length from the focus lens to the Imaging 
surface is substantially equal to the focal length of the focussing lens. 

Further examples of controllable optical elements Include a movably mounted 
10 lens, a rotable reflector such as a mirror, a grating, or the like. 

The term deflector comprises any optical element suitable for redirecting the 
Injected laser beam towards the inner surface of the drum. Examples of such 
deflector include a prism, a mirror, a grating, a hologram, or the like. 

15 

In a preferred embodiment, the deflector comprises a first deflection area for 
deflecting the first laser beam and a second deflection area for deflecting the 
second laser beam. Consequently, the first and second laser beams 
propagate along different optical paths, thereby eliminating the need for 

20 polarization coupling of the first and second beams. Alternatively, by 

providing an internal drum scanning system wherein at least one beam is 
injected off-axis as described above and in the following and wherein the 
deflector comprises a first deflection area for deflecting the first laser beam 
and a second deflection area for deflecting the second laser beam, a larger 

25 number of beams may be injected into the internal drum without causing 
undesired interferences. 

In yet another preferred embodiment, the internal drum scanning system 
further comprises a detector arrangement for detecting a relative position of 
30 the first and second positions on the imaging surface, and a control unit for 
controlling the controllable optical element, where the control system is 
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adapted to receive a position signal from the detector arrangement, and to 
control the adjustable element based on the received position signal. Hence, 
a system for automatically controlling the spot pattern Imaged on the Inner 
surface and. thus, the generated scan lines along the inner surface is 
6 provided, thereby increasing the scan quality of a multi-beam scanning 
system. 

In the above system, an important Issue of the movement of the controllable 
optical element Is the size of the displacement and the speed of the 
10 movement 

Accordingly, the Invention further relates to an arrangement for mounting an 
optical element movably within a predetermined plane relative to the optical 
element ... <text of claim 13>. 

15 

Hence, a compact construction of a movably mounted optical element is 
provided, in particular a compact construction in the plane of the movement. 

Furthermore the mass of the moving system, which is an important 
20 parameter for the obtainable speed of the circular movement, is kept small. 

Here, the term optical element comprises a lens, a mirror, a grating, a prism, 
or any other optical element. 

25 In a preferred embodiment, a second one of said rods constitutes a second 
controllable bender element for causing the optical element to perform a 
movement In substantially the predetermined plane, and the first and second 
bender elements are connected to the optical element at respective first and 
second connection points of the optical element, the first and second 

30 connection points being located on opposite sides within the predetermined 
plane of a centre position of the optical element. Consequently, any tilts. 
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rotations, etc. of the optical element outside the predetermined plane and 
caused by the bender elements are reduced. 

Further preferred embodiments are disclosed in the dependant claims. 

5 

BRIEF DESCRIPTION OF THE DRAWING: 

The invention will be explained more fully below In connection with a 
preferred embodiment and with reference to the drawing, In which: 

10 

figs. 1a-b schematically illustrate an embodiment of an internal drum 
scanning system with two injected beams; 

figs. 2a-b illustrate the injection of multiple beams into an internal drum 
1 5 system; 

figs. 3a-b illustrate the paths of two beams injected Into an Internal drum 
system if left uncompensated; 

20 fig. 4 Illustrates an optical system for injecting a beam In a muttlbeam 
scanning system; 

. 

figs. 5a-b illustrates the rotation of the injected beam; 

25 figs. 6a-b schematically illustrate an embodiment of an Internal drum 
scanning system with four injected beams; 

fig. 7 illustrates an embodiment of an controllable optical element; 

30 fig. 8 illustrates another embodiment of an controllable optical element; 
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figs. 9a-b illustrate examples of driving signals the 

an optical system for imaging a beam in a muitibeam scanning system; 

figs. 10a-b illustrate another example of driving signals the 
5 an optical system for imaging a beam in a muitibeam scanning system; 

figs. 1 1 a-e Illustrate examples of the utilisation of the area of a spinner prism 
by multiple beams; 

10 fig. 1 2 illustrates an embodiment of a control system for a beam adjusting 
system; 

figs. 1 3a-b illustrate a spot pattern detector system; 

15 fig. 14 illustrates another embodiment of a muitibeam internal drum system 
with two injected beams; 

fig. 15 illustrates an embodiment of a muitibeam Internal drum system with 
three injected beams; 

20 

figs. 1 6a-b illustrate another embodiment of an controllable optical element; 
and 

fig, 17 illustrates a 2D bender element. 

25 

figs. 18a-18d illustrate the elimination of the error Introduced by the rotating 
prism by means of the circular movement of a lens. 

Figure 19 illustrates a three-beam system where the third beam is placed on 
30 top of the centre beam. 
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In the drawings, same reference numerals refer to corresponding elements In 
the figures. 

Figs. 1a-b schematically illustrate an embodiment of an internal drum 
scanning system with two injected beams. 
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The Internal drum scanning system comprises a cylinder 101, in the following 
also referred to as the drum. A laser beam 105 is injected into the drum 1 01 
along the centre axis 104 of the cylinder. The system further comprises a 
prism 103 that is mounted inside the drum, ratably around the centre axis 
104, such that the prism 103 redirects the injected laser beam 105 
illuminating the rotating prism area 143 onto a focal spot 106 on the Inner 
surface 102 of the drum 101. During operation, the prism rotates around the 
centre axis 104 causing the focal spot 106 to scan a scan line around the 
inner surface of the drum. Furthermore, the prism 103 is mounted movably 
along the axis 104, thereby allowing to successively scan different lines on 
the inner surface of the drum. It is understood that, instead of a prism, other 
types of reflectors may be used, such as a mirror, a hologram, a grating, or 
the like. Consequently, when a photo-sensitive material is disposed on the 
Inner surface, e.g. by static pressure, a vacuum clamp, and or the like, the 
material may be exposed with a predetermined pattern along the scan lines. 
Hence an imaging surface is provided on the inner surface. 

As will be described in greater detail below, in a multi-beam system the focal 
spot 106 comprises a corresponding plurality of individual focal spots, each 
scanning a corresponding scan line. In the example of fig. 1a, the system is a 
dual beam system generating two focal spots 106a and 106b, as illustrated 
by the magnified view 100 of the focal spot 106. 
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The internal drum scanning system further comprises a laser system 1 10 for 
generating the laser beam 105. The laser system 1 1 0 comprises two laser 
units 1 1 1 and 1 21 , each generating a linearly polarised laser beam 1 1 7 and 
127, respectively. The laser system 1 10 further comprises a beam coupler 
unit 138 for generating a polarization-coupled laser beam 105 from the 
beams 117 and 127. 

The beam coupler unit 138 performs a polarization coupling of the beams 
1 17 and 127 according to any known polarization coupling method. In this 
embodiment, the beam coupler unit 138 comprises a X/2-plate 129 for turning 
the polarization state of one of the two injection beams, in the example of fig. 
1a of beam 1 1 7, by 90°. The beam 1 1 7 is the directed from the M2-plate into 
a polarization cube 130. The beam coupler unit 138 further comprises a 
prism 131 that directs the second Injection beam 127 into the polarization 
1 5 cube 1 30. The polarization cube polarization couples the incoming beams 
1 17 and 127 resulting in a combined beam 105. 

The effect of this polarization coupling is schematically Illustrated in fig. 1b. 
The symbols designated 1 1 7 and 127 Illustrate the beam cross sections of 
20 the linearly polarized injection beams, where the polarization vector 141 of 
beam 1 17 is rotated 90° relative to the polarization vector 1 42 of beam 127. 
Consequently, the combined beam 105 output by the laser system 1 10 and 
Illuminating the prism area 143 includes two orthogonal polarization states. 

25 The laser unit 1 1 1 comprises a laser 1 12. a focussing lens 1 14, an acousto- 
optlcal modulator 1 15. and a collimator lens 1 16. The laser 1 12 may be any 
suitable laser source, such as a semiconductor laser, e.g. a diode laser, a 
large-area diode laser, or the like. The focussing lens 1 14 focuses the laser 
beam emitted from the laser 112 onto the acousto-optic modulator for 

30 modulating the two laser beams according to a desired pattern to be scanned 
onto the imaging surface. The collimator lens 116 collimates the output beam 
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from the acousto-optlcal modulator and generates a collimated laser beam 
117, such that the lenses 1 14 and 116 operate as a beam expander. 

Similarly, the laser unit 121 comprises a laser 112 emitting a laser beam 123. 
5 and a modulator assembly Including a focussing lens 1 24, an acousto-optical 
modulator 125. and a collimator lens 126 generating a polarized collimated 
laser beam 127. In one embodiment, the laser units 1 11 and 121 are two 
identical units. 

1 0 Consequently, the combined beam 1 05 comprises two orthogonally polarised 
beams each being individually modulated. 

Each of the collimator lenses 1 16 and 126 is movably mounted such that the 
centre of the lens is displaced from the corresponding optical axis 1 18 or 

15 1 28, and each lens performs a circular movement around the optical axis in a 
plane perpendicular to the optical axis. Hence, lenses 1 1 6 and 1 26 are offset 
at a radial distance from the optical axis, and the respective offsets perform 
circular movements around the optical axis. In this embodiment, both lenses 
116 and 126 are movably mounted, thereby allowing an independent control 

20 of the circular movement of their respective offsets. In alternative 

embodiments, only one of the lenses is movably mounted, while the other 
lens is fixed and aligned to the optical axis. 

In alternative embodiments, each of the collimator lenses 114 and 124 is 
25 movably mounted such that the centre of the lens is displaced from the 
corresponding optical axis of lenses 114 or 124, and each lens performs a 
circular movement around the optical axis In a plane perpendicular to the 
optical axis. Hence, lenses 1 14 and 124 are offset at a radial distance from 
the optical axis, and the respective offsets perform circular movements 
30 around the optical axis. 



12 



s- 7-Oiiiaiae ;2occo oanmarK a^s , ... 

l-«538488090 a 11/ a& 



10 



15 



20 



11 



It Is understood that. In alternative embodiments, the laser system 1 10 may 
comprise a single laser instead of two lasers. For example. In such an 
embodiment, the orthogonally polarized beams may be generated from the 
output of the single laser by a polarization-sensitive beam splitter. 

The internal drum system of fig. 1a further comprises a beam expander 150 
including two lenses 180 and 108. and a focussing lens 109 for focussing the 
collimated beam 105 onto the focal spot 106. 



The system further comprises a (ens control unit 135 for controlling the 
movement of the collimator lenses 1 1 6 and 1 26 to cause, cooperatively with 
the rotation of the prism 103 and with the focussing lens 109. the two beam 
components of the polarization coupled beam 105 to be fbcussed onto 
respective focus spots 106a and 106b which describe parallel scan lines 
along the inner surface 102 of the drum. The tens control unit 135 receives a 
signal 134 from a rotation sensor 133 determining the rotational speed and 
phase of the rotating prism 103. The lens control unit 135 determines drive 
signals 136 and 137 controlling the movements of the lenses 1 16 and 126. 
respectively, as will be described in greater detail below. Hence, the laser ' 
system 1 1 0 with movable collimator lenses in both laser units allows the 
generation of two polarization coupled beams and. at the same time, allows a 
control of the circular movement of each of the beams. Preferably, the lens 
control unit further receives signals about the physical positions of the tenses, 
in order to ensure a stable operation. For example, the lens control unit may 
25 receive signals from capacitive position sensors or the like that detect the 
actual positions of the tenses as described below. The lens control unit may 
use these signals for correction the driving signal in order to achieve a stable 
spot pattern. Alternatively or additionally, in some embodiments the tens 
control unit receives signals indicative of the measured actual beam positions 
30 on the inner surface of the drum. e.g. from a quadrature photon detector, a 
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PSD or like. An embodiment of an arrangement for detecting a spot pattern 
will be described below. 
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The effect of the rotation of lenses 1 16 and 126 will now be described In 
5 greater detail with reference to lens 1 1 6: 

Figs. 2a-b illustrate the injection of two beams into an internal drum system. 
As described above, in an Internal drum system, a beam is injected into the 
drum along the center axis 1 04 of the drum, and the beam is redirected onto 
1 0 the surface 1 02 of the dnim by a rotating prism 1 03. or the Kke. Figs. 2a-b 
illustrate the injection of two beams 201 end 203. where beam 201 is injected 
substantially on the centre axis 104, while beam 203 is injected along the 
centre axis but offset by a radial distance di. Hence, the two beams are 
redirected onto two different positions 202 and 204, respectively, on the 
surface 102 of the drum. Due to the rotation of the prism 103 around the 
centre axis 104. the relative locations of the positions 202 and 204 change 
during a scan of the inner surface of the drum. In figs. 2a and 2b. the prism 
103 is shown at two different points in time corresponding to half a revolution 
of the prism. As is illustrated in figs 2a-b, the position 204 has moved onto 
20 the other side of position 202. 

This effect is further illustrated by figs. 3a-b showing the paths of two beams 
injected into an internal drum system If left uncompensated. 

25 Fig. 3a shows the resulting scan lines on the inner surface 1 02 of the drum. 
Line 301 shows the scan path of a beam on the surface of the drum, If the 
beam is injected coinciding with the centre axis. Hence, in this situation, the 
scan line 301 is a straight line. The axis 304 corresponds to the angle of 
rotation of the prism, while axis 303 corresponds to the displacement of the 

30 focal spot on the inner surface 1 02 of the drum from the centre line 30 1 . Line 
302 shows the scan path of a beam which is injected at an offset di from the 
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centre axis. The scan path 302 oscillates around the straight line 301 with 
amplitude ch. Hence, it is a problem that the two beams interchange their 
position on the surface of the drum when the prism rotates. Consequently, 
two columns of pixels cannot be printed next to each other. The pixels printed 
by the beam 302 appear on the wrong positions on the printing plate as a 
result of the prism rotation, in order to print with multiple beams the distance 
d! between the two columns of pixels should be constant. 

Fig. 3b shows the relative displacement of the focal spot 202 of the beam 
injected off-axis from the focal spot 204 of the beam injected on-axis. During 
a full rotation of the prism, the focal spot 202 rotates once around the focal 
spot 204. as illustrated by the vector f B designated by reference numeral 

307 which rotates around the focal spot 204 with a angular frequency ©, 
according to 

15 f a = (Se cosfV&f )+ p s!n(<yf )) 

where *and j?are unit vectors of the corresponding coordinate system 305 
having its origin In the focal spot 204. Hence, the focal spot 202 describes a 
circle 306 around the focal spot 204. 



In the following, it will be described, how this problem Is solved by properly 
encoding the input beams to the system. 

Fig. 4 schematically illustrates an optical system for Injecting a beam In a 
25 multibeam scanning system, e.g. the optical system for imaging one of the 
beam components in fig. 1a. Generally, in an internal drum printing system, 
the injected modulated beams are focused on the printing plate into a spot of 
a certain size determined by the desired resolution. Examples of typical 
resolutions for internal drum systems are between 1000 to 5420dpi. 

30 



15 



7~03:i6:«a ;Zacco Oonmarn a/S 



<6/ 4>a 



10 



15 



20 



25 



30 



14 

* 

The optical system of fig. 4 comprises a focussing lens 109 for focussing the 
laser beam onto the printing plate on the Inner surface 102 of the drum. In fig. 
4, the optical system Is depicted with respect to the optical axis 1 1 8. It Is 
understood that, in an Internal drum system, the optical axis is bent at the 
rotating prism, the position of which is Indicated by the dashed line 
designated 103 in fig. 4. Hence, in an Internal drum system, the optical axis Is 
bent such that before the prism <i.e. to the left of the dashed line 103 in fig 4) 
the optical axis coincides with the centre axis of the drum, and after the prism 
(l.e. to the right of the dashed line 103 in fig. 4) the optical axis points radially 
from the centre axis of the drum to the inner surface of the drum. Due to the 
rotation of the prism 103, the point 408 where the optical axis hits the drum 
rotates around the centre axis of the drum. 

The optical system further comprises a collimator lens 1 16 placed in front of 
the focussing lens for colllmatlng the Incoming laser beam 1 13 before 
focussing it. This has the advantage that the focussing lens 109 can be 
moved along the center axis of the drum without changing the spot size of 
the focal spot 1 06 on the printing plate. It is understood that the optical 
system may comprise additional elements such as a beam expander, a 
modulator, etc.. e.g. as described in connection with fig. 1a. For simplicity, 
such elements are not shown In fig. 4. 

The distance between the focussing lens 109 from the printing plate 102 is 
substantially equal to the focal length f of the focussing lens. Hence, the 
focussing lens 109 is operated as a Fourier-lens that transforms angles into 
positions. Consequently, when a collimated beam 1 1 7 entere the focussing 
lens 109 at an angle of incidence 407, the focussing lens transforms the 
angle of Incidence into a certain position 106 at a distance f to the right side 
of the lens, if the angle of Incidence is 0° for all rays, the focal spot is located 
on the center axis at a distance f from the focussing lens 109. because the 
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laser beam 117 is collimated. If the Input angle 407 changes, the position 106 
of the spot will change. 

The collimator lens 116 is decentred with respect to the optical axis 1 1 8 by 
the distance d 2 . Consequently, the collimated beam 117 entere the focussing 
lens 109 at an angle of incidence 407 different from 0". and the position of 
the facal spot 106 on the printing plate Is displaced from the optical axis by 
the distance d,. The relation between d, and d 2 is d 1= m . d 2 . where m is a 
magnification defined by the actual optical system. If the collimator lens 116 
Is decentred simultaneously in the direction of the x- and y-axes of the 
coordinate system 403 with sinusoidal displacements and a phase shift of 
90° between the two directions, the focal spot 106 describes a circle on the 
printings plate. Hence, a circular movement of the collimator lens around the 
optical axis 1 18 and in a plane perpendicular to the optical axis 118, results 
in a rotation of the focal spot 108. The radius of the circle drawn by the focal 
spot is controlled by the amount of displacement of the collimator lens. 
Hence, by Introducing a dc offset to the displacement in both directions the 
center position of the circle can be controlled as well. i.e. the spot can be 
controlled to rotate around a location distant from the optical axis. 

Figs. 5a-b illustrates the rotation of the Injected beam due to the movement 
of the collimator lens. As described above, in the internal drum system a 
circular movement of the focal spot is introduced, if the laser beam is injected 
off-axis. The rotation speed of the prism corresponds to an angular frequency 
of © of the circular movement. By moving the collimator lens around in a 
circle with radius d 2 with the equal angular frequency o> and a certain phase 
difference relative to the prism, a resulting movement of the focal spot as 
depicted in figs. Sa-b is obtained. 

30 Fig. 5a shows the scan line 502 on the inner surface 102 of the drum 

resulting from a beam Injected off-axis at an offset d, through a collimator 
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lens performing a circular movement. The scan line 502 Is a straight line 
parallel to the line 501 which corresponds to the scan line drawn by the 
optical axis 1 18 In fig. 4. The axis 504 corresponds to the angle of rotation of 
the prism, while axis 503 corresponds to the displacement of the focal spot 
on the Inner surface 102 of the drum from the centre line 501. Consequently, 
two columns of pixels can be printed next to each other with a constant 
distance di between the two columns of pixels. 

Fig. 5b shows the relative displacement of the focal spot 1 06 from the point 
408 where the optical axis intersects the inner surface of the drum due to the 
circular movement of the collimator lens. In fig. 5b. only the effect of the 
movement of the collimator lens is considered and not the effect caused by 
the rotating prism discussed above. During a full circle described by the 
collimator lens, the focal spot 106 rotates once around the point 508. as 
illustrated by the vector f b designated by reference numeral 507. i.e. the 
vector r b rotates with an angular velocity ». and a certain phase difference <p 
relative to the rotating prism. In fig. 5b It is further assumed, that the centre of 

the circular movement is displaced by a constant offset <? 0 relative to the 
point 408, i.e. 

r b - d x (xcos(a>/ + ?>)+ ysmipt + <? 



Hence, the injection beam into the internal drum system is encoded such that 
* it is decoded by the rotation of the prism yielding a straight scan line at a 
25 predetermined offset from the centre line 501 , i.e. the combination of the 
rotation of the prism and the movement of the collimator lens yields an 
effective displacement equal to oV. 
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Hence, by adding the movement of fig. 5b to the one on fig. 3b. the circular 
movement of the focal spot on the printing plate is compensated. 

Hence, in the above it has been described how parallel scan lines may be 
5 achieved in a multi-beam internal drum system by providing a movable 
collimator lens in cooperation with a Fourier lens. In particular, it has been 
disclosed how the movements of the movable collimator lens 1 16. and 
correspondingly of lens 1 26. of the embodiment of fig. 1a are controlled to 
provide. In cooperation with the focussing lens 109 and the rotating prism 
10 103, parallel scan lines. 

It is understood that in alternative embodiments a different lens In front the 
focusing lens may be used instead of the collimator lens in order to encode 
the compensating motion. It is further understood that, instead of a lens, the 
15 displacement may be Introduced by a different optical element that is 

sensitive for displacement or tilting, e.g. a mirror, a prism, a grating or the 



Figs. 6a-b schematically illustrate an embodiment of an internal drum 
scanning system with four injected beams. The internal drum scanning 
system comprises a cylinder 101 having a centre axis 104. A prism 103. or 
another suitable reflector, is mounted inside the drum, rotably around the 
centre axis 1 04. such that the prism 1 03 redirects the injected laser beams 
Illuminating the rotating prism area 143 onto a focal spot 106 on the inner 
25 surface 102 of the drum 101. as described in connection with fig. 1a. 

Consequently, in this example, the focal spot 106 actually comprises four 
individual focal spots 106a, 106b. 106c. and 106d. as illustrated bythe 
magnified view 600 of the focal spot 106. 



The internal drum scanning system further comprises two laser systems 110 
as described in connection with fig. 1a for generating laser beams 606 and 
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607. respectively. Each of the laser systems 110 generates a combined laser 
beam including a pair of polarization coupled beams of orthogonal 
polarization states, each of which being emitted at an angle of Incident 
controlled by a moving collimator lens, as described above. Hence, each of 
5 the laser systems includes two controllable optical elements controlled by a 
lens control unit 635. The lens control unit 635 receives a sensor signal 134 
from a rotation sensor 133 indicative of the rotational speed and phase of the 
prism 103. The lens control system generates four sets of drive signals 636, 
637, 638, and 639 for controlling the respective collimator lenses of the 
10 lasers system 110. 

Each of the beams 606 and 607 is injected Into the internal drum by a beam 
expander 601 and 604. respectively. The beam expander 601 includes 
lenses 602 and 603. while the beam expander 604 includes lenses 605 and 
1 5 606. In this embodiment, all beams are Injected off-axis, I.e. at a radial 
distance from the centre axis 1 04. 

The laser system further comprises a focal lens 109 which is operated as a 
Fourier-lens, as described above. Both the polarization-coupled beams 606 

20 and 607 share the same focal lens. The focussed beams are redirected by 
the prism 103 and focussed onto a focus spot 106. The four beams can use 
the same focussing lens and prism without causing distortions due to 
interference, since they are injected as two polarisation coupled beams 606 
and 607 that illuminate different portions of the lens 109 and the prism area 

25 143. This is illustrated in fig. 6b showing the prism area 143 and the cross 
sections of the beams 606 and 607. Each beam comprises beam 
components having orthogonal polarisation states as described above In 
connection with figs 1 a-b. 

30 Due to the rotations introduced by the prism 1 03 and the movements of the 
collimating lenses of the laser systems 1 10, the beams are focussed onto 
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four respective focus spots 106a. 106b, 106c. and 106d, scanning respective 
parallel scan lines along the inner surface of the drum. Hence, by introducing 
Individual displacements for all four beams, multiple lines of Information can 
be written onto the printing plate by means of multiple beams. 

Fig. 7 illustrates an embodiment of an controllable optical element. The 
controllable optical element comprises a lens 702 that is mounted such that it 
can be controlled to perform a circular movement in a plane perpendicular to 
its optical axis. 



Generally. Important issues of the movement of the lens In an controllable 
optical element in connection with an internal drum system are the size of the 
displacement and the needed rotation speed of the movement. The rotation 
speed of the movement should match the rotation speed of the rotating prism 
of the internal drum system, in order to allow compensating for the rotation of 
the prism. The maximal rotation speed of typical prisms is approx. 60 000 
rpm corresponding to a frequency of the movement of the lens of approx. 1 
kHz. The width of a column of pixels to be scanned is typically around 1 Oum 
for typical scanning resolutions, thereby requiring the radius of the circular 
20 movement of the lens to be of the order of 1 Oum in order to write two 

columns of pixels next to each other. In order to write 4 columns of pixels 
next to each other a radius of 20nm of the circular movement of the lens is 
required. It is understood that If the magnification factor m is different from 1 . 
the movement of the lens has to be correspondingly smaller or larger. The 
26 second requirement for the displacement of the lens is the centre position of 
the circular movement as controlled by a dc offset. If the magnification factor 
is close to one a total requirement of displacement of ±50nm has been found 
to be sufficient in order to hold several beams. 

30 In the arrangement of fig. 7. the lens 702 Is mounted in a housing 703 that is 
connected to a frame 701 via spring elements 704 and 705. The spring 
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elements may be machined from materials like steel or aluminium by using 
electrical wire discharge machining. The arrangement further comprises 
piezo-benders 706 and 707 which act as Independent actuators for the x- or 
y-directions such that the spring elements 705 and 708 each generate a 
5 preload onto one of the actuators. The piezoelements are mounted In a way 
so that the movement of one plezoactuator is not hindered by the other. The 
anangement further comprises position detectors 708 and 709 for 
determining the actual position of the lens 702 independently for the two 
axes. For example, the position detectors may be capacitive. inductive, 
1 0 resistive, or optical sensors or a combination of the above. The output from 
these sensors can be used with in a lens control system, as described below. 

Rg. 6 illustrates another embodiment of an controllable optical element. As in 
the embodiment of fig. 7, the controllable optical element comprises a lens 
1 5 702 that is mounted such that it can be controlled to perform a circular 
movement in a plane perpendicular to its optical axis. The lens 702 is 
mounted In a housing 703 that is connected to a frame 701 via spring 
elements 704 and 705. as described above. According to this embodiment, 
the arrangement further comprises electromagnets 801 and 802 which act as 
independent actuators for the x- or y-directions in cooperation with the spring 
elements 705 and 706. respectively. As In the embodiment of fig. 7. the 
arrangement further comprises position detectors 708 and 709 for 
determining the actual position of the lens independently for the two axes. 

25 It is understood that an controllable optical element may also be based on 
alternative technologies allowing small precise movements, such as 
elektrorestrictlve and magnetorestrective technologies. 

The above optical arrangements are electrically controlled. Hence, a control 
30 systems can be included that e.g. corrects the circular movement of the lens 
and synchronizes Ihis movement to the rotation of the rotating element In the 



20 



22 



Q~ 7-03jis:4e izocco DonmerK a/s 



21 



internal drum. The control system may further correct for e.g. dynamical 
changes In the rotation speed, misalignment, temperature changes, pointing 
stability, or the like. These control possibilities further allow the introduction of 
an auto calibration arrangement. By detecting at the output from the system 
5 on e.g. a CCD camera, the location and the stability of individual focal spots 
can be detected. 

Figs. 9a-b illustrate examples of driving signals for an optical system for 
imaging a beam in a multibeam scanning system. The arrangements 
1 0 described in connection with figs. 7 and 8 above may be controlled by 

electrical drive signals. In order to obtain a circular movement, each of the 
actuators may be driven by a sinusoidal signal with a relative 90<»-phase shift 
between the signals for the x- and y- directions. Such signal may be obtained 
from a known function generator system. 

15 

Fig. 9a Illustrates drive signals 901 and 902 forth© x- and y-actuators of the 
above arrangements, respectively. The signals are plotted as functions of the 
angle of rotation of the internal drum prism. Both signals have an amplitude 
determined by the desired radius d, of the circular motion. In this example, 
20 the drive signal for the x-direction is a sine function while the drive signal In 
the y-dlrectlon is a cosine function with a 90°-phase shift relative to the sine 
function. 



25 



Fig. 9b illustrates another example of drive signals 901 and 902 for the x- and 
y-actuators of the above arrangements, respectively. In this example, the x- 
signal comprises an additional dc offset 905 in older to eliminate errors 
introduced elsewhere in the system. The amplitude 904 is directly linked to 
the radius of the circle, and the y-offset controls the displacement of the 
centre of the circle in the x-dlrectton as described above. 
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Figs. 10a-b illustrate an example of driving signals for two controllable optical 
elements, e.g. the collimator lenses 1 16 and 126 of the laser system 1 10 of 
fig. 1a. When more that one beam is adjusted within a mulltbeam system the 
Phase of the drive signal controls the position of the beam in a circular orbit 
(in fig. 10a, the corresponding opposite rotation caused by the prism is 
disregarded) while the dc offset controls the position of the centre of the orbit. 
Figs. 10a-b illustrates an example of a 2-beam system where both beams are 
moving 180° displaced in the same orbit. Fig. 10a illustrates the circular 
movements of two focal spots 1001 and 1002 along an orbit 1003 around the 
orbit centre 1 004. Rg. 1 0b Illustrates the corresponding driving signals. Lines 
1005 and 1006 correspond to the x- and y-signals. respectively, for the 
optical element controlling the position of spot 1001 , while lines 1007 and 
1 008 correspond to the x- and y-signate. respectively, for the optical element 
controlling the position of spot 1 002. Here, the x- and y-driving signals for the 
two individual beams are 180° out of phase. The same principles can be 
used for a three beam system by using a phase delay of 1 20°. Note, that the 
phase delay between the x- and y-driving signals is 00° for each of the 
beams. Hence, N beams may be controlled by controlling the corresponding 
phase shifts, amplitudes and dc-offsets. 

It is understood that arbitrarily shaped beam paths along the inner surface of 
the drum may be constructed for each of the beams by defining the 
corresponding driving signals in a suitable way. Hence, arbitrary spot 
patterns may be made on the Inner surface of the Internal drum. 
Correspondingly, the movements introduced by the optical elements may be 
different from circular movements. 

it is further understood that movements in the z-direction. i.e. the direction of 
the optical axis, may be introduced in a similar way, e.g. by introducing a z- 
translatlon to the piezo-lens of fig. 7. Such a displacement has the benefit 
that the z-position of the focal spots of the individual beams can be 
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controlled. For example, this can be used to e.g. adjust the spot size of the 
individual spots. 



Figs. 1la-e illustrate examples of the utilisation of the area of a spinner prism 
5 by multiple beams. As mentioned above. In an internal drum system as 
described in connection with fig. 5a, more than four beams may be injected 
by adding additional laser systems and beam expanders in front of the focal 
lens. Since no more than than two polarization coupled beams may be 
Injected utilising the same lens area or the same prism area. Hence, in a 
10 multi-beam system, the beams are preferably arranged around the centre 
axis to illuminate different areas of the rotating prism in the internal drum 
system. 
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Generally, the rotating prism in an Internal drum configuration requires 
careful design, since it should be able to perform fast rotations, e.g. 60 000 
rpm. and. at the same time, random tilts and de-centering should be avoided. 
Aerodynamically and aerostatic spinner systems are known In the art which 
allow such rotations to a satisfying level. However, these technologies set 
limits for the mass and. thus, the dimensions of the rotating prism. In 
practice, the clear aperture of a prism in aero dynamical spinners is limited to 
approximately 025 mm. and the clear aperture of a prism in an aero static 
spinner is limited to approximately 0100 mm. Furthermore, the size of the 
focal spot on the printing plate is directly depended on the beam diameter at 
the focal lens. Therefore a certain minimum beam diameter is desirable at 
25 the rotating prism, preferably between 01 5 to 025 mm. Therefore, the 
available prism area should be used with attention. 

Figs. 11a-e illustrate how the prism area 143 can be utilised to hold several 
beams of a multlbeam system such that beams from different sources do not 
30 share the same path is space, unless a polarization coupling is used. 
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In fig. 1 1a. two beams having different polarisation states share the same 
prism area as Indicated by the cross-ssction 1101. If more beams are 
injected, the area 143 has to be Increased. 

Fig. 11b shows an example of two off-axis beam pairs 1102, each comprising 
two polarization coupled beams of different polarization states. Illuminate 
different areas of the prism area 143. Similarly, figs. 11cand 11d illustrated 
the utilisation of the prism area 143 for three and four off-axis polarization 
coupled beam pairs, respectively. Finally, fig. 1 ie shows a prism area with a 
centre beam pair 1101 surrounded by 6 further beam pairs 1 102. allowing a 
total of 14 beams to be simultaneously injected. Hence, by doubling the 
prism diameter makes space for 8 beams and a tripling makes space for 14 
beams. Preferably, in the cases of figs. 1 1b-e. aero static spinners are used, 
since they provide a larger prism area. 

Fig. 12 illustrates an embodiment of a beam adjusting system. By turning on 
a single beam of a mutti-beam system at a time, and by replacing the spinner 
prism with a rotating position sensitive detector (PSD) chip placed In the focal 
distance of the focussing lens, the parameters for the movement of the 
corresponding collimator lens may be measured and adjusted to achieve the 
desired scan line. This is possible because the xy-slgnals from the rotating 
PSD can track the circular path of the movement of the lens. From this 
information the rotation center and radius of the movement can be 
determined and the driving signal can be adjusted to fit the requirements. Fig. 
12 schematically shows an adjustable collimator lens 1 16 and the focussing 
lens 109 of an internal drum system, e.g. the system of fig. 1 a. The remaining 
components of the internal drum system, in particular further adjustable 
collimator lenses are not shown in fig. 12. In the system of fig. 12. instead of 
the spinner prism, a PSD chip 1202 is placed in the optical path of the optical 
system. The PSD chip is placed such that the distance between the 
focussing lens 109 and the PSD chip 1202 is substantially equal to the focal 
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length of the focussing lens 109. The PSD chip 1202 is ratably mounted 
around the optical axis 104. The rotation of the PSD chip is controlled by a 
spinner control unit 1203 corresponding to the control system of the spinner 
system in the internal drum system. The PSD chip generates a sensor signal 
1212 indicating the position of the focal spot 106 of the laser beam on the 
chip. I.e. the x- and y-condinates of the focal spot with respect to the 
coordinate system 1205. The sensor signal 1212 is fed into a lens control unit 
1201 which determines the amplitude, frequency, and phase of the driving 
signals for the collimator lens 1 16. The Jens control unit 1201 further receives 
a PSD speed and phase signal 1204 from the spinner control unit 1203, from 
a rotation sensor, or the like. The lens control unit 1201 determines the 
driving frequency and phase of the moving lens 116 from by comparing the 
phase and speed signal from the spinner controller unit with the PSD 
information. During subsequent operation, the PSD speed signal is replaced 
by a corresponding signal from the rotating prism as described above. The 
lens control unit 1201 forther receives setup parameters 1207 including the 
desired position of the focal spot 106. This information, together with the 
sensor signal 1203 is used by the control unit 1201 to determine the phase, 
the amplitude, and the dc offset of the driving signal. The control unit 1201 
feeds the determined driving signals 1206 for the x- and y- movements of the 
collimator lens 1 1 6 to the corresponding actuators of the lens 1 16 as 
described above. The lens control circuit 1201 is adapted to deterniine the 
drive signals 1206 such that the laser beam hits the PSD at a constant 
position 106, as determined by the setup signal 1207. relative to the rotating 
25 DSP chip. 

Furthermore, the roundness of the movement of the lens 1 16 can be 
controlled and. if necessary, corrected by manipulating the xy-driving signals. 
Hence, all information important for aligning the focal spot can be 
30 determined. 
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Figs. 13a-b illustrate a spot pattern detector system. For different 
applications, the desired pattern of focal spots may be different. For example, 
when printing or scanning with different resolutions, the distance between 
neighbouring scan lines should be different accordingly. It is an advantage of 
5 the systems described above and in the following that the automatic 
alignment of several beams is limited to the determination of the desired 
position of each beam on the printing plate. In the following it will be 
described how an automatic calibration of spot patterns may be perfomed. 
i.e. how the pattern of focal spots on the printing plate may be adjusted to 
1 0 match a selected pattern for a given printing job. 

Fig. 13a schematically illustrates a system for recognizing a spot pattern on 
the printing plate. The system comprises a slit 1307 with a photo diode 1302 
and a linear PSD 1303. both arranged inside the drum of an' internal drum 
system, e.g. disposed on the inner surface 102 of the drum. When a focal 
spot 106 scans along a path 1301 on the inner surface 102 of the drum, it 
passes the slit 1307 with the photo diode 1302 and the linear PSD 1303 once 
during every revolution of the spinner prism (not shown). The x-direction of 
scan line 1301 may thus be measured by the linear PSD 1303. The relative 
20 y-positlon of a focal spot relative to other focal spots of a spot pattern is 
determined from the "fly-time" of the spot from an arbitrary y = 0 position 
1304 on the cylinder to the slit with the photodiode 1302. The photo diode 
1302 is also used as a pre-trigger for the linear PSD 1303. Hence, the xy- 
position of the focal spot In a spot pattern may be determined by turning on 
one beam at a time and by operating the internal drum system to scan a scan 
line with the single beam while the detector arrangement of fig. 13a is 
disposed inside the drum. By turning one beam on a time the xy-lnformation 
of all beams can be obtained, as illustrated in fig. 13b. The x-posllion from 
the PSD 1303 and the timing information are fed into an analysis unit 1305. 
e.g. a suitably programmed microprocessor, a personal computer, or the like. 
From this xy-information, the analysis unit 1305 determines the phase, the 
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amplitude, and the dc-offsets of the driving signals 1306 for the piezo-lenses 
are as described above. The frequency is determined from the rotation speed 
of the rotating prism. For example, the analysis unit 1306 may feed the 
determined driving signals directly to the lens control unit 

5 

It is understood that by expanding the detector system of fig. 1 3a with 
additional similar detector systems positioned at different angles within the 
drum, information about deviations of the scan line 1301 from a straight line 
may be detected, I.e. serves caused by Imperfections of the optical system 
10 of the Internal drum system may be measured. Hence, the above detector 
system may provide information allowing a lens control system to 
compensate for such imperfections. 

The above detector system may be placed on the Inner surface of the 
15 cylinder itself or in a partly deflected path of the output beam by the use of 
mirrors, beam splitters or like- 
Figs. I4a-b Illustrate another embodiment of a multibeam internal drum 
system with two Injected beams. This example illustrates an embodiment of a 
20 dual beam system using adjustable mirrors. The system schematically shown 
in fig. 14a comprises a laser 1401 for generating a laser beam 1402. The 
laser beam may be directed by a mirror into a polarisation sensitive beam 
splitter 1404 generating two linearly polarized laser beams 1405 and 1406 
Each of the beams is directed through a corresponding beam expander and 
25 acousto-optic modulator. Hence, beam 1405 Is directed via mirror 1421 
through lenses 1407 and 1411 and acousto-optic modulator 1409. while 
beam 1406 is directed through lenses 1408 and 1412 and through acousto- 
optic modulator 1410. 



30 
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The modulated beam 1405 is directed by mirror 1413 towards a beam 
expander 601 and a common focussing lens 109 that acts as a Fourier lens 
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and focuses the beam via a rotating prism (not shown) on a focal spot 1420 
on the inner surface of the drum (not shown) as described above. 

The modulated beam 1406 Is the directed by a piezo-controlled or electro- 
magnetic adjustable mirror 1414 towards a beam expander 602 and the 
common focussing lens 109 that focuses the beam on focal spot 1420. The 
adjustable mirror 1414 is positioned at a radial distance from the centre axis 
of the internal drum and its tilt angle and/or position is controlled to direct the 
beam 1406 at a varying angle into focussing lens 1419 In order to generate a 
parallel scan line parallel to the scan line generated by beam 1405. as 
described above. The beam expanders 601 and 602 and the focussing lens 
109 are arranged as shown in the embodiment of fig. 6a. Consequently, the 
beams 1405 and 1406 illuminate different parts of the focussing lens 109 and 
different parts of the prism area, thereby avoiding the need for a polarization 
coupling of the two beams. This Is illustrated In fig. 14b showing the prism 
area 143 and the cross sections of beams 1405 and 1406, respectively. 

Hence, it is an advantage of the above embodiment, that It does not require a 
polarization coupling of the laser beams, thereby providing a low-complexity 
20 cost effective system. 
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Figs. 15a-b illustrate an embodiment of a multibeam internal drum system 
with three injected beams. The system schematically shown In fig. 15a is 
similar to the system of fig. 1 4a. However, in the present embodiment, the 
system comprises a polarisation coupler 1501 instead of mirror 1413. Hence, 
the beams 1405 and 1406 are polarisation coupled and the polarization 
coupled beam 1510 Is directed towards the inner surface of the drum along a 
common beam path. i.e. through a common beam expander 601 and the 
same area of the focussing lens 109 and the same prism area, as illustrated 
30 in fig. 15b. Furthermore, the system comprises a second laser 1 502 

generating a third laser beam 1503 which is directed via mirror 1504 through 
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a beam expander (tenses 1505 and 1507) and acousto-optic modulator 1506. 
The modulated beam is directed from a ptezo-controlled adjustable mirror 
1508 at varying angles through beam expander 602 and focussing lens 109. 
Again, the mirror 1 508 is controlled to cause the focal spot of beam 1 503 to 
scan a straight line parallel to the scan lines of the other two beams. 
Furthermore, the mirror 1508 is positioned off-axis. i.e. at a radial distance 
from the centre axis, causing the beam 1503 to take a beam path different 
from the beam path of the other two beams, as is Illustrated by fig. 15b. 
Hence, in this system a third beam is injected into this system, and a skilled 
person will appreciate that further beams may be injected in a similar way. 

Figs. iea-b illustrate another embodiment of an controllable optical element 
In this example the optical element comprises a lens 1604 that is mounted In 
frame 1606. This frame 1605 is connected to a housing 1607 by two 2D 
plezo-benders 1601 and two elongated rods 1602 that allow a movement of 
the lens in a plane perpendicular to the optical axis without introducing tills or 
rotation. The housing 1607 has a tubular shape with an opening 1603 for the 
laser beam to pass through. Around the opening 1603. the cross section of 
the tube comprises recesses 1608 and 1609 for receiving the benders 1601 
and the rods 1602. respectively, The recesses 1608 further provide electrical 
contacts for applying the actuating drive signals for the benders. The present 
embodiment comprises two benders and two rods extending from the lens 
frame to the housing such that the benders are positioned on diametrically 
opposite sides of the optical axis thereby reducing any tilting or rotation of the 
lens during displacement. However, in alternative embodiments a different 
number of benders may be used. 

It is noted that the movement of the tens further causes an insignificant 
displacement of the lens in the direction of the optical axis. i.e. in the 
longitudinal direction of the rods. However, this insignificant displacement is 



31 



8- 7-03;ie;*a jZocco poninerK Ays 



i ♦4Bi&488O0O 



30 



constant. If the movement of the lens is substantially circular, as in the above 
embodiments of the internal drum systems. 

Hence, the 2D benders act both as a mounting rod as well as an actuator. It 
5 is an advantage of this construction that it is particularly compact in particular 
In the plane perpendicular to the optical axis. Furthermore, the mass of the 
moving system, which is an important parameter for the obtainable speed of 
the circular movement, is not increased due to the introduction of actuators. 
For the same reason, in one embodiment, the lens frame and the rods are 
1 0 made of low-weight material, such as plastic like POM. 

Fig. 16b shows the lens arrangement of fig. 16a in a displaced position 

caused by the bending of the piezo-benders 1601 . Fig. 1Qb further illustrates 

that the bending of the 2D-benders 1601 introduces a deformation of the rods 

1602 as well, thereby causing a displacement of the lens within a plane 

perpendicular to the optical axis without causing any rotation or tilt of the lens 
1607. 
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Hence, the arrangement of figs. 16a-b provides a mechanism for introducing 
movements of an optical element in a predetermined plane without intrudcing 
tilts or rotations. The construction is partlculariy suitable for causing small 
movements by use of piezo-technology. in an alternative embodiment, 
analogue electro-magnetic benders may be used. 

25 Fig. 1 7 illustrates a 2D bender element. The bender element 1 601 is a rod 
having a quadratic cross section 1702. 

Since the piezo-elements can heat up when they work fast at large 
amplitudes, it is preferred to provide cooling of the piezo-elements. The 
30 benders have an inactive region 1701. where the benders do not bend, at the 
end proximal to the end where they are mounted. For example, the inactive 
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regfon may have a length of approximately 10mm corresponding to the depth 
of the recesses 1608. Hence, the surface of the bender In the Inactive region 
provides a contact area for transporting heat to the base mount 1607 and, 
thus, cooling the piezo benders. 

In a preferred embodiment, the ptezo-element comprises internal electrodes 
that can be grounded on the base mount 1607. Hence the electrodes may 
provide additional heat transport from the centre of the piezo element to the 
base mount 1607. Thereby local heating of the benders can me minimized. 

Figures 18a-d illustrate the elimination of the error introduced by the rotating 
prism by means of the circular movement of a lens. 
Figure 18a shows a two-beam system that Is similar to the system shown In 
Figure 1a. however, the lenses (107) and (108) are omitted in figure 18a for 
convenience. The first beam is propagating along the optic axis (1801), which 
is coincident with the centre of the drum. The beam is expanded in the beam 
expander composed by lenses (1802) and (1803). The beam is focused and 
reflected onto the Internal surface of the drum by means of the focus lens 
(1805) and a mirror (1806). The second beam is propagating through a beam 
expander composed by lenses (1812) and (1813) where lens (1812) can be 
moved In a circular trajectory. The second beam is focused and reflected 
onto the Internal surface of the drum by means of the focus lens (1605) and 
mirror (1 806). The moveable lens (181 2) is shifted a distance d 2 relative to 
the optic axis (181 4) along the positive y direction of the cooidinate system 
(1821) and (1820). The coordinate system (1821) shows the angular position 
of the centre of the lens (shown by the dot C) and the direction of the focused 
beam (shown by the triangle B). The displacement d 2 of lens (1812) in 
combination with the angular position 6=0 deg. of the mirror (1806) results in 
a displacement di of the focus spot relative to the focus spot of the first 
30 beam. 
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In figure 18b the mirror has been rotated clockwise (when seen against the 
positive z direction) to the angular poaition 9=90 deg so that the focused 
beams are directed along the positive x-direction. The coordinate system 
(1820) is rotated in order to show the beam path of the second beam The 
first beam has been omitted in this figure for convenience. In order to ensure 
a constant distance d, between the focus spot of the second beam to the 
focus spot of the first beam the lens (1812) has been moved along a circular 
path to a new position as shown by coordinate system (1821 ). Thus the 
position of the centre of the tens is given by the position d 2 along the positive 
x-directlon. 
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In figure 18c the mirror has been rotated clockwise to the angular position 
9=180 deg so that the focused beams are directed aiong the negative y- 
direction. The centra of the moveable lens (1812) has been moved to the 
position d 2 along the negative y-direction. 

In figure 18d the mirror has been rotated clockwise to the angular position 
0=270 deg so that the focused beams are directed along the negative x- 
d.rection. The centre of the moveable tens (1812) has been moved to the 
position d 2 along the negative x-dlrectlon. 

After another 90 degrees angular rotation of the mirror (6) and a movement 
of the centre of the tens (1812) the system has returned to the initial situation 
shown in figure 18a. 

Figure 19 illustrates a three-beam system where the third beam is placed on 
top of the centre beam. The position of the centre of the tens (1832) 
corresponding to the angular position 6=0 deg of the mirror is shown by C in 
the coordinate system (1822). Thus, the initial position of the centre of the 
lens (32) is given by the position d 2 along the negative x-axis. As the mirror 
rotates clockwise Ihe centre of the tens (1832) should follow a circular path in 
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a counter-clockwise direction. The focus point of the third beam will follow a 
straight path displaced a distance di to the right of the centre focus point. 
The two off-axis beams shown in figure 19 may be combined by a polarising 
beam splitter according the principle shown in Figure 1a or the two off-axis 
beams may be combined without the use of a polarising beam splitter as 
shown in Figure 1 9. 

The angular separation between the moveable lenses may be different than 
180 deg. Thus, four moveable lenses may be equally separated by 90 
degrees following a circular trajectory with radius da. This will generate four 
straight lines on the internal surface of the drum with two lines being 
separated a distance d, from the zero line and two lines separated a distance 
di/2 from the centre line. 
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CLAIMS: 



1 . An internal drum scanning system comprising 

- a cylinder having a centre axis and an inner surface providing an 
5 imaging surface to be scanned by at least two laser beams; 

- at least one laser source for generating a first and a second laser 
beam; 

- a deflector, mounted ratably relative to said cylinder around Ihe centre 
axis of the cylinder, for deflecting said first and second laser beams 

10 towards said Imaging surface; 

- a focussing lens for focussing said firsl and second laser beams onto 
respective first and second positrons on said imaging surface: 

- a first controllable optical element adapted to control the direction of 
the second laser beam to maintain, during relative rotation between 
the deflector and the cylinder, the second position fixed relative to the 
first position 



characterised in 

that the focussing lens defines a first optical axis being imaged by said 
deflector onto a centre position on the imaging surface; that, during 
operation, the first controllable optical element is positioned at a radial 
distance from said first optical axis; and that the first controllable optical 
element is adapted to direct the second laser beam onto said focussing lens 
at a varying incident angle causing the focussing lens to image the second 
laser beam onto the second position such that, during relative rotation 
between the deflector and the cylinder, the second position is fixed relative to 
said centre position. 
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2. An internal drum scanning system according to claim 1 % wherein the first 
controllable optical element Is mounted movably around the first optical axis 
of the focussing lens. 

5 3. An Internal drum scanning system according to claim 2, wherein the first 
controllable optical element comprises a collimator lens. 

4. An internal drum scanning system according to claim 3, wherein the 
collimator lens defines a second optical axis substantially parallel to the first 
optical axis at the radial distance from the first optical axis: and wherein the 
first controllable optical element further comprises means for adjusting the 
position of the collimator lens to cause the second optical axis to rotate 
around the first optical axis at a predetermined frequency. 

5. An internal drum scanning system according to any one of claims 1 
through 4. wherein the focussing lens is positioned relative to the deflector 
such that the optical path length from the focus length to the imaging surface 
is substantially equal to the focal length of the focussing lens. 

6. An internal drum scanning system according to any one of claims 1 
through 5, wherein the deflector comprises a first deflection area for 
deflecting the first laser beam and a second deflection area for deflecting the 
second laser beam. 

7. An internal drum scanning system according to any one of claims 1 
through 5, further comprising means for polarising the first and a second 
laser beam; and means for polarization coupling the second laser beam 
generated by the first controllable optical element with the first laser beam 
resulting in a combined laser beam. 
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8. An internal drum scanning system according to any one of claims 1 
through 6, further comprising a second controllable optical element disposed 
at a radial distance from said first optical axis; and that the second 
controllable optical element is adapted to direct the first laser beam onto said 

5 focussing lens at an incident angle causing the focussing lens to Image the 
first laser beam onto the first position such that the first position is fixed 
relative to said centre position. 

9. An internal drum scanning system according to any one of claims 1 

1 0 through 8. wherein the internal drum scanning system comprises means for 
generating at least three laser beams; and the internal drum scanning system 
comprises at least two controllable optical elements, each disposed at a 
corresponding radial distance from said first optical axis; and wherein each of 
the controllable optical elements is adapted to direct a corresponding one of 

1 5 the at least three laser beams onto said focussing lens at a corresponding 
incident angle causing the focussing lens to image the corresponding laser 
beam onto a corresponding position such that, during relative rotation 
between the deflector and the cylinder, the corresponding position Is fixed 
reletive to said centre position. 

20 

10. An internal drum scanning system according to any one of claims 1 
through 9, further comprising a detector arrangement for detecting a relative 
position of the first and second positions on the imaging surface, and a 
control unit for controlling the controllable optical element, whera the control 

25 system is adapted to receive a position signal from the detector arrangement, 
and to control the adjustable element based on the received position signal. 

1 1 . An internal drum scanning system according to claim 10, wherein the 
detector arrangement comprises a position sensitive detector disposed on 

30 the inner surface of the cylinder, the position sensitive detector being 
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adapted to detect the position of a focal spot In a direction along the centre 
axis of the cylinder. 

12. An Internal drum scanning system according to claim 10 or 11. wherein 
5 the detector arrangement comprises a light detector disposed on the inner 

surface of the cylinder arranged to detect the a relative phase of the rotation 
of a focal pot around the centre axis of the cylinder. 

13. An arrangement for mounting an optical element movably within a 
10 predetermined plane relative to the optical element, the arrangement 

comprising 

- an optical element; 

- a number of elongated rods extending from the optical element in a 
1 5 direction substantially perpendicular to the direction of the 

predetermined plane; 

- a housing to which the elongated rods are connected; 

wherein at least a first one of said number of rods constitutes a first 
20 controllable bender element for causing the optical element to perform a 
movement in substantially the predetermined plane. 

14. An arrangement according to claim 13. wherein a second one of said 
rods constitutes a second controllable bender element for causing the optical 

25 element to perform a movement in substantially the predetermined plane, 
and wherein the first and second bender elements are connected to the 
optical element at respective first and second connection points of the optical 
element, the first and second connection points being located on opposite 
sides within the predetermined plane of a centre position of the optical 

30 element. 
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15. An arrangement according to claim 13 or 14, wherein the bender 
element is 2D bender element adapted to cause movements along two 
directions within the predetermined plane. 
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